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表明，As、P 之间存在明显的交互效应，所以 As 和 P 在红树林沉积物中的关系
值得探究。本研究以红树植物白骨壤为材料，采用砂培和土培结合的方式，通
过 As、P 交互作用下白骨壤根系泌氧、铁膜、植物生长等指标的分析，来探讨




随着As处理的升高而降低；As的添加抑制了白骨壤根系泌氧(radial oxygen loss, 
ROL)能力，随着 As 浓度的增加，白骨壤幼苗 ROL 逐渐降低并与对照组具有显
著差异(p<0.001)；白骨壤根、茎、叶中 As 含量均随着 As 处理浓度的增加而增
加，其主要富集在白骨壤根中，呈现以下趋势：根>茎>叶；Fe、As 的添加促进
了铁膜的形成。 
2.生物量随着 P 处理的升高而升高(p<0.001)，P 的增加抑制了白骨壤 ROL
能力，营养液中 P 的施加明显的降低了根，茎，叶中 As 的含量，其中根中 As
在高 P 处理时的变化最为显著，P 对 As 吸收起到一定的抑制作用。 
3.土培模拟根际环境试验表明，白骨壤幼苗各器官中 As 含量随着沉积物中
As处理浓度的升高而上升；根、茎、叶中As的累积量呈正相关关系(r 根-茎=0.732；
r 根-叶=0.647; r 茎-叶=0.868；n=15)；P 促进了植物根系对 As 的吸收；在试验条件下，
白骨壤根表铁膜中的 Fe、As 含量呈显著正相关关系(r=0.823, n=45, p<0.001)。 















无显著差异，但根际 pH 显著低于非根际(t=-11.009, df=44, p<0.005)；配对样本
t 检验显示，根际沉积物中 As 含量显著高于非根际沉积物(t=8.117, df=44, 
p<0.005)；根际沉积物和非根际沉积物中，As 含量均随着 P 处理浓度的上升而
下降，且在 P 最大处理浓度时降幅最大；P 的施加抑制了铁膜中的 As 含量，同
时随着 P 的增加，铁膜 Fe 含量呈现降低的变化趋势(p<0.001)，说明了 P 的施加
抑制了铁膜的形成。 
5.无机 P 的分级提取结果显示，根际土和非根际土环境中，P 的主要形态部
分均为 Fe-P，其次是 Ca-P 形态，Al-P 形态，Ex-P 形态含量最少；不同 As 处
理环境中的 Fe-P 含量均随着 As 处理梯度的增加而呈现上升趋势，且根际土环


















Mangroves are woody plants which occur in the tropical and subtropical 
estuaries, it has a very high economic and ecological value. In recent years, As has 
been used extensively in industrial and agricultural production activities. Due to the 
indiscriminate discharge of arsenic waste water, which results in the enrichment of As 
in mangrove sediments. As a result, the pollution in the mangrove is becoming more 
and more serious. As concerns for arsenic can pass through the food chain and pose a 
threat to human health, therefore it is important to discuss the biogeochemical 
processes of As in mangrove wetlands. P and As belong to VA, they are not only 
similar on the physical properties, but also common in plants transport pathway. A 
large number of studies have shown that there is a significant interaction between As 
and P in hydrophyte. However, previous studies concerning the reciprocal action of As 
and P on plant growth and As tolerance in mangroves are limited. Hence, this topic 
still deserve further study. 
A sand culture combined with soil culture was used in this experiment to 
investigate the As and P migration in the Avicennia Marina-Soil system under P and 
As supply. The indexs of plant biomass, concentrations of As and P, radial oxygen loss 
(ROL), iron plaque were analyzed to provide theoretical basis for revealing the 
relationship between heavy metal and source elements. The main conclusions of this 
study are as follows: 
1.Sand culture experiment showed that As stress siginificantly affected 
A.Marina biomass(p<0.001), which represented that biomass was decreased with the 
increase of As stress degree. ROL of A.Marina is inhibited by the addition of 
As(p<0.001). The concentration of As treatment had a significant effect on the 
contents of As in the A. Marina(p<0.001). As content followed the order of root > 
stem >leaf. The addition of Fe and As can facilitate the formation of iron plaque 
which will increased the adsorption of As in the solution. 
2.The total biomass increases with the rise of P (p<0.001). ROL of A.Marina is 















significantly reduces the amount of As in plant, it shows that P addition suppressed 
the absorption of As in A. Marina.  
3.Rhizosphere simulation experiment showed that the content of As in root, 
stem and leaf of A. Marina was increased with As supply, show the following trend: 
root>stem>leaf. Adding P promoted the roots to absorb of As, this is probably 
because As on the soil particles be substituted by P and released into the soil solution, 
so the As concentration is increased with the addition of P. The content of iron 
plaque-Fe and iron plaque-As in A. Marina roots increased with the rise of As 
concentration in sediment. Iron plaque-Fe and iron plaque-As had significant 
positive correlation (r=0.823, n=45, p<0.001).  
4.The comparison of sediment rhizosphere and non-rhizosphere showed that: 
there is no significant difference of pH under As and P treatment, but the rhizosphere 
pH is significantly lower than the non-rhizosphere the pH(t=-11.009, df=44, 
p<0.001); The content of As in rhizosphere and non-rhizosphere of A. Marina was 
increased with the As supply and the As content in the rhizosphere soil is 
significantly higher than non-rhizosphere soil(t=8.117, df=44, p<0.001). For both 
rhizosphere soil and non-rhizosphere soil, the applying of P reduced the content of 
As. 
5. Inorganic phosphorus grading extraction results showd that whether it's in the 
rhizosphere soil or in non-rhizosphere soil, Fe-P was the dominant fraction, the 
following form is Ca-P, then Al-P, the last one is the Ex-P. The content of Fe-P and 
Ca-P both higher in rhizosphere soil environment that may be attributed to the 
oxygen released by mangrove roots, this findings also indicate that root activities 
may play an important role in the aspect of changing the forms of phosphorus. 
 






















环境中的 As 来源很广泛，一般环境中的 As 污染主要包括自然释放和人类
排放[3, 4]两条途径：前者主要包括地质环境中的 As，一般由自然界中的火山活
动、植物腐化、岩石风化等地球化学活动将其释放到环境中，它决定了 As 在不
同地区的背景值大小；环境中 As 的人为来源主要指工业引起的 As 污染和农业
引起的 As 污染，这里是指工业行业将生产过程中产生的废弃物直接排放到生活
环境中引发的土壤 As 污染以及为保证农作物生长所使用的各种化肥、杀虫剂造
成的 As 污染。 
1.1.2 砷污染现状 
由于 As 在工农业生产活动中的大范围使用使得地方性 As 中毒成为不可忽
视的全球性难题，例如湄公河的含水层中 As 浓度范围在 1-1610 µg·L-1之间，平
均值达到 217 µg·L-1[5]。阿根廷的大半数流域水中的 As 含量达到 14969 µg·L-1[6]，
出现了 As 的高危风险区。意大利境内的沉积物上覆水及质泥中淤泥的重金属含
量超标，其中 As 元素亦在其列[7]。此外 As 污染现象在亚洲也较为突出，其中



















As 超标 19 倍，水体中 As 超标 1000 多倍，出现上百人 As 中毒死亡事件[13]；
内蒙古饮水中 As 超标区域高达 3000 km2，超过 100 万人潜在的受到 As 污染的





质 As 毒性较低，三价 As 化合物毒性最强。在土壤环境中，As 主要以 As(Ⅴ)
和 As(Ⅲ)两种形态为主，但是其价态易随 pH、Eh 的不同而产生变化，如在厌







的复杂化合物，主要有铁、铝、钙、闭蓄类几种，其中当 pH<7 时，铁型 As 为


































的研究发现三种红树幼苗在 1 ppm Hg 的处理下没有表现出毒害反应，显示了红
树植物幼苗对 Hg 具有一定的抗性。Kirby 等(2002)[23]的相关研究显示红树植物
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